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Research i n  Photosynthesis  

Photo-reactivation o f  Photosynthe t ic  Reactions i n  $ean Leaves 
1 

I n v e s t i g a t i o n s  on photo- res tora t ion  o f  t h e  oGgen  evolving 

system (Photosystem 11) of  dark, cold, aged bean l e a v e s  has  been 

continued. Thus f a r  our  e f f o r t s  have been concentrated towards 

r e s t o r a t i o n  o f  B i l l  a c t i v i t y  i n  i n a c t i v e  c h l o r o p l a s t s  by add i t ion  

i 

of cofac to r s ,  compounds wi th  oxidat ion-reduct ion capac i ty  and 

p r o t e i n - f r a c t i o n s  from a c t i v e  c h l o r o p l a s t s  from befin l e a v e s  i n  an 

a t tempt  t o  l o c a l i z e  the l e s i o n  i n  photosystem 11. ;Hopefully such 

s t u d i e s  m a y  g ive  informat ion  concerning some o f  the compounds of 

photosystem 11. 

I' 

Thus far  w e  c o n s i s t e n t l y  have observed " reac t iva t ion"  only 

withoC-Tocopherol (2, = 0.35). 

s e n s i t i z e d  r educ t ion  o f  f e r r i c y a n i d e  i n  t h e  presence of Tocopherol 

R e s u l t s  a r e  complicated by a l i g h t  

only. This  r e a c t i o n  is  dependent upon p r i o r  dark incubat ion  as 

though an oxidat ion-reduct ion equi l ibr ium has t o  be reached be fo re  

t h e  r e a c t i o n  proceeds. With ch lo rop la s t s ,  a f t e r  c o r r e c t i o n  f o r  
I 

t proper  con t ro l s ,  i t  is found t h a t  Tocopherol does not  act c a t a l y t i c a l l y  

b u t  only i n  s u b s t r a t e  amounts. An equivalence is found between 

f e r r i c y a n i d e  reduced and Tocopherol oxidized. A t  t h e  p re sen t  time 

t h i s  r e a c t i v a t i o n  is not  c lear .  
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Occasional ly ,  b u t  with s u f f i c i e n t  frequency t o  be encouraging, 

we a r e  a b l e  t o  completely 

p r o t e i n  f r a c t i o n  prepared 

are be ing  made t o  improve 

r e a c t i v a t e  i n a c t i v e  c h l o r o p l a s t s  wi th  a 

from "normalr' a c t i v e  ch lo rop la s t s .  Attempts 

condi t ions  of i s o l a t i o n  of t h i s  p r o t e i n  
- 

f r a c t i o n  so t h a t  w e  can rou t ine ly  prepare  t h i s  f r a c t i o n  and s tudy  

some p r o p e r t i e s  of it. 

Oxygen Exchange i n  Chloroplasts  

I l l umina t ion  of ch lo rop la s t s  ( a s  normally prepared)  r e s u l t s  i n  

an oxygen exchange. Oxygen is produced and taken up simultaneously.  

The rate of product ion of oxygen is approximately one-tenth t h a t  of 

a r a p i d  H i l l  r eac t ion ,  

o f  any of  a number of autooxidizable  compounds t o  the  r e a c t i o n  mixture. 

The s to ich iometry  of 1:l is observed i n  t h e  presence o f  ca t a l a se .  

If a hydrogen peroxide t rapping system is employed, t he  r a t i o  now 

changes so t h a t  two oxygen molecules a r e  taken up for every one 

evolved. A gene ra l ly  used t rapping system is e thanol  which is oxid ized  

by H202 t o  g ive  acetaldehyde. With t h e  except ion of indophenol dyes, 

acetaldehyde i s  found. The seemingly unique indophenol system, while  

e x h i b i t i n g  a s to ich iometry  of 2:1, does not  y i e l d  acetaldehyde when 

a sco rba te  is present .  

e thanol  and c a t a l a s e ,  r e s u l t s  i n  a photooxidat ion o f  a sco rba te  by t h e  

ch lo rop la s t s .  The mechanism of t h i s  ox ida t ion  is  being pursued. 

This exchange rate may be  enhanced by add i t ion  

In some manner t h e  presence o f  e thano l  or 
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Photosynthe t ic  Phosphorylation 

A unique r e l a t i o n s h i p  e x i s t s  between the  a b i l i t y  of  c e r t a i n  

compounds t o  uncouple phosphorylation and t h e i r  ackibn as i n h i b i t o r s  

o f - e l e c t r o n  t r anspor t ,  

i 

Both ammonia and quinicrine--uncouple phos- 

phory la t ion  from e l e c t r o n  t r anspor t ,  thereby i n c r e h i n g  t h e  rate o f  
B <? 

t h e  Hil l  r eac t ion .  If, however, t h e  concent ra t ion  i f  t hese  two 
- 3  

Compound6 is inc reased  a l s o  oxygen evolu t ion  is inh ib i t ed .  On t he  

o t h e r  hand, t he  r educ t ion  o f  pyr id ine  nuc leo t ide ,  when reduced 

indophenol dyes are used as e l e c t r o n  donors, is not  i n h i b i t e d .  The 

data suggest  a more i n t r i c a t e  r e l a t i o n s h i p  between photophosphoryla- 

;: 

.- 

t i o n  and photoevolut ion of  oxygen than  gene ra l ly  assumed, To test 

such  a p o s s i b l e  i n t e r a c t i o n  between these  systems w e  have at tempted 

to  r eve r se  t h i s  i n h i b i t i o n  by uncouplers by adding various'compounds. 

No s a t i s f a c t o r y  r e s t o r a t i o n  of oxygen evolu t ion  has  been found. 

However, i n  t h e  case of quin icr ine ,  s e v e r a l  i n t e r e s t i n g  r e s u l t s  were 

noted. The ex ten t  of  i n h i b i t i o n  w a s  time-dependent i n  dark  and occur s  

much more r a p i d l y  i n  t h e  l i g h t .  I n t e r e s t i n g l y  i n  t h i s  system t h e  

presence o f  ATP has  a s m a l l  r evers ing  e f f e c t  on the  r a t e  of  t h e  Hill 

r e a c t i o n  and on t h e  t o t a l  amount o f  py r id ine  nuc leo t ide  formed i n  

an i n h i b i t e d  system, No sucn e f f e c t  has been found with ammonia. 

S t u d i e s  of  Ochromonas 

3ork is progress ing  on a study o f  t h e  Chrisomonad Ochromonas 

- danica. This  organism shows seve ra l  f e a t u r e s  which m a k e  i t  3. promiein? 
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source  of information concerning photosynthesis.  It  sha res  with 

many o t h e r  organisms a l a c k  of c h l o r o p h y l l g  or b i l i n  pigments as 

accessory s e n s i t i z e r s .  Prel iminary spec t roscopic  s t u d i e s  showed 

t h a t  c h l o r o p h y l l 2  occurs  i n  d i f f e r e n t  binding s t a t e s ,  one of which 

is  l o c a t e d  at 695 mu. T h i s  long  wave ch lorophyl l  Qbserved both  i n  

whole c e l l s  and i n  c e l l  free e x t r a c t s ,  behaved i n  a q u i t e  p e c u l i a r  

f a sh ion  - its main f e a t u r e  being an extreme l a b i l j t y .  

h a s  been made o f  cond i t ions  which caused d i sappedance  o f  t h i s  long 

wave chlorophyl l .  Since so far no s a t i s f a c t o r y  explana t ion  f o r  t h i s  

A survey 
7 

l o n g  wave ch lorophyl l  and i ts  chemical i n t e r a c t i o n s  have been found, 

a d i scuss ion  of t hese  experiments w i l l  be de fe r r ed  t o  a la te r  date. 

We are p r e s e n t l y  expanding our s t u d i e s  t o  t h e  va r ious  parameters of  

t h e  photosynthe t ic  a c t i v i t y  of whole Ochromonas c e l l s  and of c e l l  

free e x t r a c t s  ob ta ined  thereof .  Attempts are being made t o  o b t a i n  

a c t i v a t i o n  s p e c t r a  of photosynthesis.  The f i r s t  ques t ion  t o  be 

answered is whe the r  o r  not t he re  is  a long  wave drop of  the quantum 

e f f i c i ency .  Enhancement experiments then must fol low t o  f u r t h e r  

decide whether o r  no t  in t h i s  organism t h e r e  are two o r  only one 

photoreact ion.  P r e s e n t l y  w e  suspect  t h e r e  is  only one photoact ,  namely, 

one respons ib le  f o r  t h e  evolu t ion  of oxygen. 

S t u d i e s  of  a Scenedesmus Hutant 

Another a t tempt  t o  use an anomalous organism t o  e l u c i d a t e  the  

mechanism of  photosynthes is  concerns a study of  a mutant o f  Scenedesmus. 
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This  mutant, i s o l a t e d  by D r .  Norman Bishop, is unable t o  f i x  C02, 

and as f a r  as r e  can t e l l ,  devoid of pigment P7OO. We have made 

spec t roscop ic  s t u d i e s  of  t h e  mutant and i n v e s t i g a t e d  some of  its 

f h o r e s c e n c e  c h a r a c t e r i s t i c s .  

a c t i v e  c e l l  free prepara t ions ,  a survey w a s  made ok t h e  capac i ty  o f  

these p a r t i c l e s  f o r  photoreducing t h e  va r ious  ma te r i a l s ,  

After i t  proved posgib le  t o  o b t a i n  

The r e s u l t  

o f  this survey proved very i n t e r e s t i n g ,  mainly ba$ause i t  does no t  

seem t o  f i t  our  p re sen t  concept o f  photosyntheticgielectron transport:.  
i , 2 

% 
One o f  t he  p e c u l i a r i t i e s  w e  a r e  p r e s e n t l y  t r y i n g  4 r e s o l v e  is  t h a t  

p a r t i c l e s  prepared from t h i s  mutant can reduce low p o t e n t i a l  ox idan t s  

such as indigocarmin and viologen, bu t  seem unable t o  ca r ry  ou t  t h e  

r educ t ion  o f  PI?. Also, t he  c o r r e l a t i o n  between t h e  redox p o t e n t i a l  

of t h e  va r ious  ox idan t s  used a6 a s u b s t r a t e  and t h e  quantum y i e l d s  

observed i n  t h e i r  photoreduction f a i l s  t o  fol low t h e  expec ta t ions .  

A t  p r e sen t  w e  have no s a t i s f a c t o r y  hypothes is  t o  exp la in  these 

observa t ions .  This  is the  more i n t r i g u i n g  s i n c e  pre l iminary  data 

concerning t h e  a c t i v a t i o n  spectrum o f  photosynthes is  i n  t h i s  organisq  
! 

and a lso  r ecen t  f luorescence measurements c l e a r l y  i n d i c a t e  t h a t  

photosystem I, as i t  is p resen t ly  conceived, is f u l l y  inopera t ive .  

D r s .  Be iner t  (Madison, Wisconsin) and Weaver (Stanford,  C a l i f o r n i a )  , 
are  p r e s e n t l y  c o l l a b o r a t i n g  with u s  t o  answer t h e  ques t ion  whether ' 

o r  no t  t h i s  mutant shows a s i g n i f i c a n t  f a s t  decaying ESR s i g n a l ,  

g e n e r a l l y  assumed t o  accompany photosystem I. 
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Difference  Spectroscopy 

During the  p a s t  f e w  months w e  have been concent ra t ing  on a t t empt s  
I 

t o  improve the  t i m e  r e s o l u t i o n  o f  our d i f se rence  spectroscopy. A 

number o f  improvements of t echn ica l  na tu re  have y i e lded  a reso lu-  

t i o n  which is  cdmpatible w i t h  t h a t  o f  t h e  CAT (computer o f  average 

t r a n s i e n t s )  which is equiva len t  t o  60 usec per s t a t i o n .  Vfhile still 

i n  t h e  developmental s t age ,  t h e  appara tus  w a s  a b l e  t o  observe i n  

c h l o r o p l a s t s  a very fast decaying photoconversion and poss ib ly  a 

consecut ive r e a c t i o n  wi th  a half-t ime of 100-200 usec. The two s p e c i e s  

involved i n  all l i k e l i h o o d ,  a r e  P7OO and an unknown r e a c t i o n  p a r t n e r ,  

absorbing at 420 mu. Present ly  w e  are t r y i n g  t o  improve performance 

of t h i s  appara tus  in t he  r e d  s p e c t r a l  reg ion  and f u r t h e r  biochemical 

s t u d i e s  w i l l  be  de fe r r ed  u n t i l  some remaining t e c h n i c a l  d i f f i c u l t i e s  

are  solved. 


